Isolation and purification of plasmid of E. coli are quite popular processes in genetic engineering. For relatively large scale (more than sub-milligram) preparations, an ultracentrifuge process with a CsCI gradient is needed on the last stage for the removal of contaminated chromosomal DNA. We report here a simpler process based on electrophoresis. In general, electrophoresis is not suitable for large-scale separation. An important feature of the present method is that electrophoretic current is directed to flow vertically to a gel disk. Several such types have been reported, but they are either of a sophisticated structure or for small scaled separation.1 4 In the present method, a thin agarose gel which contains the sample is layered on a main gel (working gel) disk and plasmids are separated while crossing the latter. Although the traveling distance is short, plasmids (2 -15 kb) can be well separated from chromosomal DNA because of marked differences in their molecular sizes. The separation may be achieved when the difference of the traveling time between the two species is greater than the half width of the preceding elution peak:
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where D is the gel thickness, E is the electric field gradient, µl and ,u2 are the electrophoretic mobilities of chromosomal DNA and plasmid DNA, and t112 is the half width of the preceding elution peak. According to Helling et al.5, u2 ) is the order of 103 (V min/ cm2). We may assume that E and t1,'2 are on the orders of 10 (V/ cm) and 10 (min), respectively. Then, the relation (1) becomes
Thus, a condition such as D of 1 cm and E of 10 V/ cm is enough for the separation, provided that t112 is the order of 10 min. For the sake of enlargement of the difference of traveling time, gels with higher agarose concentration and lower applied voltages are preferable.5 Figure 1 -a shows the structure of the electrophoretic system. There is a gel disk (d) between two graphite electrodes (a and b) in a rectangular vessel (W185X D 185XH 125 mm). The working gel disk(d) is 95 mm in diameter and 8 mm thick. The sample gel layer (c), 2 mm thick, is on the down side of the working gel. This layer is prepared using a specific stand to be described later. On the upside of the working gel, there is a collector compartment (h) 2 mm thick for harvesting (q) is fit in the holder with the aid of a ring disk (r) to make a mold for gelation. There are grooves on the surface of the stand and 0-ring (s) on its edge. ANALYTICAL SCIENCES JUNE 1991, VOL. 7 eluted ingredients. It is bounded downward by the gel and upward by a semi-permeable membrane (f). The surface of the gel is grooved in a grid pattern (g) to prevent the membrane from sticking. Macromolecule ingredients which are eluted from the gel are confined in this compartment. There are an inlet (i) and an outlet (j) in the compartment. The macromolecule ingredients are harvested in elution buffer, which is introduced from the inlet and transports the ingredients to a fraction collector with the aid of two peristaltic pumps. One is for pushing the buffer and the other for pulling at the same rate.
The gel disk on a holder (e) and the semi-permeable membrane on a frame (o) are both prepared before the system is assembled. When the gel disk is prepared, the gel holder (e) is set upside down on a Teflon stand to be a mold for gelation, as shown in Fig. 1-b . The inner surface of the bottom (i.e., the Teflon stand) is grooved in a grid pattern. First a working gel is prepared using normal agarose and then a sample gel is layered on it. Sample DNAs are dissolved in a solution of low gel temperature agarose at a low temperature and gelled on the working gel. The semi-permeable membrane is fastened on the frame (o) with an outer-ring (p) after it is soaked well in buffer. It is then stretched on the frame and sandwiched at its brink between the frame and the outer-ring.
Crude plasmids are prepared by a so-called alkaline method.6 This begins with growing cells overnight on a 250 ml scale, followed by a series of procedures: cell harvesting, lysozyme lysis, alkaline lysis, neutralization with 3 M sodium acetate, RNase digestion, phenol/ chloroform extractions and precipitation with 13% PEG. The precipitate is dissolved in Tris-EDTA buffer to be loaded for this electrophoresis. Typically, 8 ml of 0.4% agarose solution of a low gel temperature (BIO-RAD, gelation temp.: 25° C) in Tris-acetate buffer (0.04 M Tris acetate and 1 mM EDTA) was mixed with 2 ml of the crude plasmid solution below 40° C and spread on the working gel (1% agarose, SeaKem ME, Takara, in Trisacetate buffer). Electrophoresis was carried out in the Tris-acetate buffer with the applied voltage 50 V (BIO-RAD Power Supply Model 250/2.5). As a semi-permeable membrane of the collector compartment, a membrane of molecular weight cutoff 12000 -14000 (SPECTRUM MEDICAL INDUSTRY, USA) was used. The flow rate of the buffer for harvesting was 1 ml/ min. Elution of plasmid was completed within three hours. After measuring the absorption of each fraction, we obtained a final preparation by ethanol precipitation from the plasmid fractions. Figure 2 shows the change in optical density at 260 nm of the fractionated solutions. The elution buffer was collected every three minutes. The sample was plasmid pUC19 in E. coli HB 101. For monitoring the electrophoretic movement, Bromophenol Blue was added to the sample (0.025%). The plasmid was eluted as a large peak (a) from 105 to 120 min. The optical density of Bromophenol Blue was measured at 590 nm. A peak at 30 -45 min corresponds to Bromophenol Blue . A small peak around 50 min corresponds to the remaining ribosomal RNA. Figures 3-a and -b are results of electrophoretic analyses of the plasmid before the electrophoretic separation and after the final precipitation. Since they were in different runs, the electrophoretic distances were different. It is clear that there is no contamination of chromosomal DNA. The two bands in Fig. 3 -b correspond to covalently-closed circular DNA (CCC, in the downstream) and open circular DNA (OC, in the upstream). The ratio of OC is increased, presumably because of an elevation of the gel temperature during the electrophoresis.
The yield was 0.21 mg, as estimated from the measurement of optical density at 260 nm. The comparison of the band intensities of the electrophoretic analysis suggests that the recovery of the plasmid with respect to this process was over 80%. The loss comes mainly from the final precipitation with ethanol.
The maximum amount of sample plasmids which can be loaded is about 0.8 mg on this scale. This is estimated by considering tailings of the plasmid peak.
The sample size can be increased further by scaling up the gel disk.
In comparison with the existing method of ultracentrifuge with a CsCI gradient, this method has two advantages.
It saves much time and it may be achieved with a simpler apparatus.
